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Coordinating Information and Decisions of Hierarchical Distributed Decision Units in
Crises

Introduction: Balancing Two Core Requirements

The survival of groups and organizations depends on two key processes. First, they
must achieve extremely high levels of proficiency and efficiency on routine activities
such as the production of products and services, maintenance of machines and
software, and responding to feedback from clients or customers. This requires reliance
on shared goals and beliefs, standardized patterns of behavior, convergent thinking,
and intense concentration on executing plans. Second, at the same time, organizations
must also provide the capability for very rapid and appropriate responses to crises and
adversity (Milburn, et al., 1983a, 1983b) and adaptation. This requires early recognition
of potential threats and opportunities, accurate and comprehensive understanding of
new situations, divergent thinking, and (at least some) unplanned behavior. Effective
organizations find ways to balance the demands for efficiencies in routine activities and
readiness to notice and respond effectively to unexpected threats. Both efficiency and
readiness depend upon the development of effective, high quality individual and
collective decision making processes (Herek, at al., 1987).

Examination of organizational decision processes reveals that they vary widely but have
several common characteristics - they tend to restrict innovation, limit the number of
ideas generated and possible alternatives considered, and perpetuate doubtful
practices (Nutt, 1984). Sometimes it is quite apparent that emergencies, crises, and
disasters are consequences of poor decision making processes. The Cuban missile
crisis (Brugioni, 1991) and Challenger (Feynman, 1992; Joyce, 1986; McConnell, 1986;
Smith, 1986a, 1986b; U.S. Presidential Commission, 1986) cases are forceful
reminders of this fact. Similar motivation to better understand and improve collective
decision making is provided by experiences like Xerox’s failure to exploit its lead in
personal computers and local area networks (Smith, 1988). Perhaps too infrequently
there are equally forceful reminders that inadequate decision processes not only cause,
but exacerbate, existing crises, as in the Vincennes (Appendix 1) example (Burns,
1988; Moore, 1988; United States Congress House Committee on Armed Services
Subcommittee on Investigations, 1993; United States Congress Senate Committee on
Armed Services, 1988).

The overall objective of this project is to achieve an improved understanding of
organizational decision processes designed to achieve high levels of performance in
terms of both routine and crisis challenges. Better understanding requires both a
systemic perspective and strong inductive methods. Thus, a combination of three
methods were used in this project. macro-analysis, simulation and experimentation.
Macro-analysis is designed to assess the quality and coverage of past studies in order to
guide two forms of simulation research aimed at discovering better designs for
organizational decision systems. One simulation form is a computer model of the key
variables; the other is a simulator with distributed people performing multiple decision
tasks.
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Strategies for Balancing Efﬁciency and Readiness

Relationships, decision processes, and behaviors useful for achieving efficiency are
likely to be dysfunctional for readiness. The analyses, attention to details, automation,
training, communication nets and message content, and related activities which help
assure efficiency can hinder responses to adversity and crises for two major reasons.
First, achieving efficiency consumes resources, at least some of which could be
otherwise used to achieve readiness to cope with crises. Second, because, by
definition, routine activities consume most of the organizational members’ time, provide
most of the feedback and learning opportunities they experience, and are continuously
emphasized by leaders and policies like TQM, attention is not focused on potential
threats but on incremental adjustments to current routines. Similarly, achieving high
levels of readiness to respond to potential threats consumes resources for activities like
training and intelligence, resources which could otherwise be devoted to improving
efficiency. Also, achieving readiness focuses attention more on the organization’s
environment than on internal processes.

One way organizations attempt to address the tension between internal (efficiency) and
(largely) external (readiness) demands is specialization. To address efficiency
concerns organizations rely on resources and tactics like production engineers, self-
directed work teams and just-in-time inventory systems. To prepare for and cope with
threat they rely on activities like strategic planning and crisis management training (of
public relations and safety experts). The result is poor integration of the subsystems
addressing efficiency and readiness, often followed by the organization’s demise (Miller,
1990).

How can a more appropriate balance of attention and other organizational resources be
achieved? Is organizational learning the answer? TQM? Trial and error? Training?
For many reasons, too numerous to fully elaborate here, these and similar popular
theses cannot provide clear guidance. For example, learning opportunities come form
two primary sources, failure and imitation. By their nature, routine failures occur more
frequently than failures due to crises. Thus, left to everyday experiences,
organizational members commonly learn more about how to achieve efficiency than
how to assure readiness for responding to major adversity or crises. Also, learning
from crises may teach the wrong lessons. This is because members’ responses to
chaotic environments may themselves create "second order" chaos among members
as they try to coordinate less familiar activities under severe time pressure (Ackoff,
1974). Learning is further inhibited because the increased chaos is difficult to trace
back to or attribute to the well intentioned but inappropriate responses (Diehl and
Sterman, 1995). Even training exercises which help members practice appropriate
responses to contrived chaotic conditions are, at best, a partial remedy. Training to
improve readiness for one kind of crisis (e.g., conventional war between two countries;
product tampering) may interfere with improving readiness for another type of crisis
(e.g., guerrilla war between a technologically advanced country and adversaries who
resemble civilians; unexpected death of a key person). Further, those who design
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training exercises cannot be expected to fully anticipate the intensity, novelties, or vital
subtleties of future chaotic challenges (Gettys, et al., 1987).

This project emphasizes the decision process as the critical issue for achieving better
balance. Whereas organizations facing the challenge of finding highly efficient routines
may function best using a centralized decisions process, so too may organizations
facing crises. On the other hand, in complex situations, whether routine or in crisis, a
decentralized system may work best. Where the same organization or units face both
the efficiency and readiness challenges they may be required to quickly shift not only
their attention, but their procedures and structures. Development and maintenance of
multiple decision making systems coupled with a meta-rule for selecting, and perhaps
improving, the most relevant decision system, is thus a serious, even fundamental,
organizational challenge.

Nature of Empirical Evidence

It would be expected that social science research can help find the appropriate balance.
Unfortunately, researchers’ agendas and resources produce only oblique, and perhaps
misleading, implications. There are many reasons why social scientists’ theories and
findings have had limited relevance. First, and probably most important, their work,
particularly their experimental efforts, generally fails to account for the systemic nature
of organizations. Bertalanffy’'s (1968) general systems ideas, and Miller's (1978)
comprehensive guide to the nature of groups and organizations as living systems have
not been much used as guideposts by most researchers. For example Miller's
emphasis on (positive as well as negative) feedback, abrupt discontinuities, adaptive
capabilities, and complex interactions’ among elements are only partially reflected in
the experiments of an extremely small number of scholars (e.g., Diehl and Sterman,
1995). More typically,
“[tlhe practice of looking at isolated variables has contributed to a state of affairs
where factors that make big differences in [collective] behavior are held constant
because they are neither easily controlled nor manipulated in the laboratory and
where potentially important intervening variables are often ignored.” (Foushee,
1984)

Systemic analyses demand simultaneous consideration of numerous variables. As
Ackoff (1974) noted, to examine parts of a system in the hope of understanding the
whole is futile because it is the many and complex interactions among the parts which
are critical, not just simple effects of one variable on another. In contrast to the large
number of interacting factors with which organizational members must cope, the

! Discussing the central role of interaction effects as reasons why good intentions cause crises to become
more intense, Perrow (1984, p.9) noted, "...[T]he interaction of small failures led them to construct quite
erroneous worlds in their minds..." [leading to actions resulting in extremely serious accidents]. (Emphasis
added.)
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majority of social science investigations, particularly experimental efforts, consider only
the effects of one or two variables on a very limited number of dependent measures.?

To rely on such simple studies to obtain an accurate understanding of large systems
requires valid assumptions about how to aggregate research results. It is tempting to
assume simple effects combine in an additive manner. However, increasing evidence
from the physical sciences (Gleik, 1987) demonstrates that small changes over some
ranges of even a single variable can cause linear changes as well as sudden
discontinuities and chaotic patterns in another variable. It seems unreasonable to
expect the same is not true for social systems as well.

A second major factor limiting the ability of researchers to guide organizational
balancing efforts is that their evidence is more uneven than their theories. The result is
an asymmetry of research evidence across the individual, group, and organizational
levels of systems. As will be documented by the results of this project, of these three
levels of analysis, the overwhelming majority of studies, particularly experimental
studies, deal with individuals.* However, in work and other organizational contexts,
collaboration is endemic; isolated individual activities are necessary but not sufficient
behaviors. It is true that some theorists (e.g., Perrow, 1984; Weick, 1989, 1990, 1993)
emphasize linkages within organizational systems. To date, relatively few experimental
researchers have found the resources or exhibited the patience to follow their lead.’

This is unfortunate. Performance on collective tasks can rarely be predicted by
knowledge of the performance of individual members (Jones, 1974). In addition,
failures in complex situations like flight crews face in actual (Cooper, et al., 1979) and
simulator (Smith, 1979) emergencies are more likely due to defective group processes
rather than insufficient (individual) expertise or technical proficiency of crew members
(Foushee, 1984; Foushee and Helmreich, 1987). Yet, there were very few studies of
group behavior for over 15 years beginning in about 1960 (Zander, 1979).

2 This is probably because psychologists have dominated most of the relevant domains. And
“Psychologists ... tend to look only for solutions to problems that lend themseives to [their] methodological
approaches.” (Coovert, et al., 1995).

% There are many other variables and experiments which could be added to this argument. For

example, the nature and complexity of a t€éam member's information processing is affected by the

nature of the immediate task (its size, time pressure, etc. - Payne, Bettman and Johnson, 1988),

the member's integrative complexity (Streufert, et al.), the member's judgment policy (Brehmer

and Brehmer, 1988), not to mention order of arrival of specific data, the member's experience or
expertise, type of response required (estimate or choice), availability of decision aids, and

numerous other well documented factors.

* This is particularly true of research on assessing and dealing with risk (Clarke and Short, 1993).
Studies of intra-group communication, inter-group conflict, coalition formation, and free ridership in

social contexts are obvious exceptions to the focus on individuals. However, no researchers

attempt to conduct experiments at the organizational level.

® Concerned with numerous instances of commercial airplane crashes, two leading researchers surveyed
studies of crew training and performance. They concluded, “[P]ractically all pilot ...performance research
has focused on individual ... skills.” (Kanki and Foushee, 1989).
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Even if there were as many experiments conducted at, for example, the organizational
level as there are now at the individual level, it could be dangerous to rely on findings to
help organizations balance the demands of routine and readiness. The reason is that
factors at the different levels of living systems (Miller, 1978) may have significant joint
effects (Tomer, 1992). Because studies rarely incorporate variables from more than
one level, these effects are largely unexamined.®

A third, related, limitation of existing research evidence is that the most systemic
treatments rely on the weakest induction techniques. Anthropological and case
analyses (e.g., Perrow, 1984; Rochlin, 1989; Roberts, 1990; McKinney, 1993;
Eisenhardt, 1989; Miller, 1990; Feynman, 1992), and survey research do provide
insights about possible causes of failures and successes in complex decision making
settings. For example, Perrow (1984) used very detailed analyses of documents and
interviews to document his argument that organizational members’ shared experience
and perspectives, while minimizing the need for communications to coordinate
dispersed activities, can hinder the causal interpretation of complex events and
subsequent problem solving during crises. Weick (1993) relied on existing documents
to support his thesis that, in the confusion of chaotic conditions, members find it difficult
to sense subtle and unforeseen causal links between changes in the states and
processes of a system’s element. However, the causal propositions offered by these
kinds of studies need to be experlmentally verified if they are to provide solid guidance
for administrators (Doherty, 1993)

The asymmetry in experimental research is likely to continue. Experimenters exploring
the dynamics of organizational and group processes face extraordinary challenges.
Each observation requires several person-hours. Experimental tasks must reflect key
attributes of organizational settings. When simulators are used, as in the third phase of
this project, vast amounts of data are generated, requiring substantial data reduction
(for example, coding of communications) systems. Researchers’ personal incentives
(e.g., tenure and raises) are little concerned with rigorous experimental testing of macro
propositions.

A fourth reason to rely on existing evidence very cautiously is that social scientists,
particularly those who use experimentation, prefer static to dynamic contexts, especially
when considering organizational level issues. For example, organizational change is
typically considered in terms of evolutionary rather than radical shifts in practices and
properties (Barnett, 1995). Yet for organizations, in both routine and crisis modes,
change is the norm. Organizational changes are erratic, often unplanned, locally as
much as systemically inspired, and sometimes dysfunctional. Even the few

® Asan example, most researchers who consider group decision making do not incorporate either
organizational contexts and variables (e.g., the nature of the organization’s technology) or individuals’
charactenstlcs (e.g., mental ability) in their designs.

Often this will necessitate the use of quasi-experimental studies (Campbell and Stanley, 1963).
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experimenters who approach dynamics of these kinds do so with extremely
oversimplified designs and challenges for their subjects.®

It could be argued that these objections to the utility of past research ignore
experiments involving groups and teams. It is true that there has long been interest in
what makes groups or teams effective. Some of the earliest research on groups
focused on how different leadership arrangements affected group performance (Lewin,
at al., 1939). A continuing concern has been the problem solving and decision making
performance of groups (e.g., Shaw, 1932; Shaw, 1954; Steiner, 1972; Davis, 1992;
Hollenbeck at al., 1995). Several group decision making studies emphasized the
effects of work loads, stress, or time pressure on decision processes and/or
performance (e.g., Stouffer, et al., 1949; Isenberg, 1981; Wright; 1984; Calloway,
Marriott, and Esser, 1985; Stasser and Titus, 1987; Edland, 1994; Kerstholt, 1994:
Urban et al., 1995; Caccaro, Gualtieri, and Minionis, 1995; Neck and Moorehead,
1995).

Despite this history of group studies, “we still know little about why some groups
perform better than others (Foushee, 1984).” In addition to the factors that limit the
relevance of past research to the problem of balancing efficiency and readiness, there
are unique problems in group research. One is that even social psychologists very
often ask individual subjects to react to “paper people” or videotaped situations rather
than investigating the interactions between two or more people. In studies where
participants actually interact in experimental contexts, subjects’ tasks lack the
complexities encountered in attempting to find an organizational balance between
efficiency and readiness. Usually there is but one task to perform, only one phase of
the decision process is examined, the task changes little if at all over trials, or there is
no opportunity to alter the interpersonal and organizational features of the decision
making system. The number of variables considered is small.’ Because each
experiment uses a somewhat different subset of variables, inconsistent results are not
uncommon. Even if these problems were not present, experiments on groups may
have limited relevance for achieving better balances of routine and readiness in
organizations. It has been estimated that 95 percent of all studies of groups have been
conducted outside “natural” settings, mostly in laboratories (Guzzo and Shea, 1990).
Consequently there are numerous pertinent issues which remain to be addressed
(Tuler, 1988).

The preceding arguments are well known but not taken seriously. While experimental
social scientists often acknowledge in their discussions that organizations are large
systems consisting of subsystems that are meshed in many ways (e.g., task
coordination, information flows, interpersonal affective bonds), and while they further

® Researchers like Diehl and Sterman (1995) in MIT’s system dynamics groups appear to have made the
most progress in this respect. Even their designs involve minimal complexity compared to actual
organizational settings.

° As argued eartier, this tends to preclude understanding of systemic effects. In this context, one
researcher concerned with aircrew performance noted, “it is difficult to assimilate the sheer number of
variables than can potentially affect group processes.” (Foushee, 1984)
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recognize that people (individually and collectively) are subsystems capable of
intelligent self design, these perspectives continue to too rarely inform their empirical
research. If the resources consumed by research are to be fully exploited, to speed
scientific progress and increase its practical applications, more holistic projects are
necessary. Fortunately, with advances in technology (e.g., computer hardware like
parallel processing), software (e.g., neural networks), and statistical procedures (e.g.,
meta-analysis), the feasibility of more comprehensive research and assessments of
bodies of research is growing. This project sought to exploit and accelerate these
trends.

Systemic Research Methods

This project used three approaches in an attempt to overcome many of the problems in
the literature. The first was macro-analysis. It is a new, systematic method for
assessing how thoroughly all relevant aspects of complex issues have been examined
by researchers. The second approach was to develop a language capable of
simulating organizational decision processes, both routine and in crises. The third was
to enhance and exploit an organizational simulator to conduct experiments. Each of
these approaches will be explained by way of introducing each of the three major
phases of this project. The importance of using these more systemic methodologies
becomes more emphatic when the properties of organizational crises are taken
seriously. Therefore the methodologies will be addressed following reflections on the
nature of organizational crises.

Organizational Crises

Emergencies, disasters, accidents and crises are immensely important events in
business (Fink, 1986; Meyers, 1986; and Miller, 1984) and military (Smith and Asker,
1993; Roberts, 1990) The flightpath ..., 1988) and other (Eisenhardt, 1993; Foushee,
1984) organizations because they can negate all the benefits of long histories of
successful routine efforts.

As noted earlier, decision making in most organizations consists of relatively long
periods of routine activities interrupted by infrequent crises. In contrast to routine
decisions, crises typically involve surprise, extremely early deadlines, threat - the real
possibility that the most important goals (including survival) will not be fully understood
or satisfied, high levels of ambiguity, one or more key decision makers unavailable,
(potentially) extreme individual and interpersonal stress (Herman, 1963; Herman, et al.,
1974; Staw et al., 1981) and, some (e.g., Turner, 1976) would argue, very ill-structured
challenges.

Crises arise from, and are accelerated by, many sources (Milburn et al., 1983a), several
of which may affect an organization simultaneously. Clearly those organizations whose
members lack the imagination or time to take the “impossible” seriously, or who have
become complacent, or have become highly focused (e.g., on achieving extremely high
efficiencies in routine operations, or on those activities which generated earlier
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successes - Miller, 1990) are subject to crises. However, there should be equal
concern with less emphasized sources.

Crises are often inherent in the design of complex systems which are capable of
producing effects not anticipated by their designers and incompletely understood by
their operators (Perrow, 1984). Crises can also arise because decision makers’
reactions to events are founded on misconceptions about causes and effects.
Misconceptions may be more numerous and more severe where relevant data or
decision makers are “distributed” (at different locations), and/or where they lack
appropriate decision aids (Sage, 1987). The very (“dominant” - Staw, et al.,1981)
beliefs and behaviors learned during routine activities, as well as those acquired in
attempting to cope with earlier crises, can cause or exacerbate crises. It has been
observed that, “[U]nlearning may be sometimes a more difficult short-term task than
learning” (Smart and Vertinsky, 1977). Insufficient variety can cause crises if
appropriate responses to complex circumstances require correspondingly complex
organizational capabilities which have not been developed or maintained (Ashby,
1956). Contagion may also be a factor. Messages containing even a hint of worry or
stress, particularly if they are numerous and arrive at accelerating rates from many
sources, may produce a vigorous sensation of panic or crisis. (Levy and Nail, 1993;
Hatfield, et al., 1994)

Examples of all these sources of crises can be found in human creations like
technology (e.g., Boeing’s “fly by wire” technology in the 777), economic activity (e.g.,
unauthorized trades in futures markets), and geopolitical events (e.g., the Suez crisis of
1962). In addition, it is important to recognize a fourth human source of crises. Their
number, frequency and intensity depends on the quality of both routine and crisis
decision making activities. Poor routine decisions foster crises. Poor decision making
during crises exacerbate rather than resolve crises.

Both routine and crisis decisions are handicapped by lack of imagination10 and
misunderstanding. In his analyses of “normal accidents” Perrow (1984) offered Three
Mile Island’s nuclear power plant as an example. Those who designed and constructed
the plant were not the same people who operated and controlled it. Despite extensive
training and rehearsals in simulated emergencies, operators’ grasp of what could
happen in many contingencies was limited or non-existent. Perrow’s minute by minute
documentation of reactions to the leak at Three Mile Island revealed that engineers’
beliefs about what was happening in the system were sometimes the opposite of actual
events. Hence, at times, their discussions and decisions not only failed to help control
the plant, but increased its instability.

Even where technologies are better understood, crises may arise from the cumulative
effects of small, virtually undetectable, events (Gersick and Hackman, 1990; Weick,
1990). For example, Weick (1990) argues that, among other apparently minor factors,

'° A spokesperson for Japan's Mihamam nuclear plant said, “We never thought that the radiation could
increase so quickly because such a thing hadn’t happened before.”
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small changes in plans or routines coupled with regression to first (and best) learned
behaviors under stressful conditions, “hearing” what one is anticipating will be said
(rather than seeking clarification of confusing messages), and reluctance of
inexperienced participants to question superiors were keys to the crash (on the
ground!) of two 747’s and the loss of nearly 600 lives.

Perrow and Weick agree that serious crises are most likely in “tightly coupled” systems.
Tightly coupled systems have very many elements,'’ few if any redundancies, and
complex but strong cause-effects linkages. “Coupled” is misleading because it
seriously understates amplification. As Weick emphasizes, where success requires the
small events to occur in proper sequence, failure of one event to take place at the right
time and as planned greatly multiplies the risks of severe failure of the larger system.
Weick also notes that loosely coupled systems may very suddenly become extremely
tightly coupled when many “small” events have unrecognized but amplified
consequences.

Well intentioned decisions and actions, particularly when taken in the context of
incompletely understood systems, may cause new crises or increase the severity of
existing crises. For example, when the Chernobyl nuclear plant was being operated at
reduced power during a routine maintenance operation, experiments were undertaken.
Although it remains unclear exactly what the purpose of the experiments was, they
involved investigation of the effects of changes in control rod positions on the safety
system’s performance. A United Press (1986) report noted:

"The investigators think the operator pulled out some control rods and upset (the)

delicate balance.... 'Alarmed, he moved some more rods to try to get the situation

back under control - and this caused part of the reactor to 'go critical.”™

Even when people are well intentioned, when they seek to avoid crises and minimize
their adverse effects, they create organizational and institutional arrangements which
initiate or expand crises (Clarke and Short, 1993). A vivid example was the Chicago
flood of 1992 which resulted in more than $1 billion in damages and lost income (Bailey
and Burton, 1992; Freak flood ..., 1992). Early in the century, tunnels beneath the city’s
center were dug in order to provide deliveries of goods and removal of waste without
adding to the congestion of surface transportation systems. In 1991, when a “rational”
activity, the replacement of decayed wooden bumper posts which protected bridges
over the Chicago River from being struck by ships and barges, was not carefully
planned and monitored, the replacement piles were driven through the bed of the
Chicago River and top of one of the delivery tunnels. It should be noted that
complacency, arrogance or incompetence also helped cause this crisis; authorities had
been warned (with photos and video tape) about leakage from the river into the tunnels.
Remedial action had been delayed because the city sought additional bids which were

" Perrow (1984) emphasizes six sources of failure in tightly coupled systems with the acronym DEPOSE,
Design, Environment, Procedures, Operators, Sources/materials, and Equipment. Of these, at least 60
percent of most crises or accidents in complex or advanced technology systems are attributed to human
components, the operators.
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lower than those originally submitted. "It's a lot of little actions that led up to a disaster,"
said John Laplante (the later fired) Director of Transportation. "A lot of what happened
are honest and competent employees making errors of judgment.”

Crises often are the result of cumulative ineffectiveness which is difficult to detect.
There may be no single or "large" weakness in the decision system. Those "small"
weaknesses'? which are present are not fatal in isolation, and they are often
manageable. Many decision system features are double edged but viewed solely as
assets. For example, the development of shared mental models, while reducing
communications needs, also reduce hypothesis generation capability, reducing
creativity and innovation. Similarly, interaction (Stasser, et al., 1989; Heath and
Gonzalez, 1995), or shared or redundant (Slovic, 1982) data can help cut costs and
time for search but tend to unconsciously inflate confidence. In short, despite the
presence of positive attributes in organizational systems, there is a real, perhaps large,
possibility that "small" weaknesses aggregate in complex (e.g., multiplicative) ways,
cumulating in a crisis.

An example of the multiplicative impact of small events in tightly coupled human and
technological systems, and of good intentions gone awry, involved the electrical power,
telephone, and airline industries. Late in the afternoon of September 17, 1991, AT&T
suffered a loss of power'> which forced the air traffic controllers in the New York city
area to shut down most of their operations.* Controllers in New York lost 90 percent
of their communications capability with adjacent on Long Island. Thus, New York
controllers could not "hand off" flights that were leaving the 200 mile radius for which
they were immediately responsible. They also lost 50 air to ground frequencies used to
communicate directly with pilots. As a direct result 1,174 flights carrying 85,000
passengers were canceled or delayed; 100 planes sat idle on runways for four hours.'®
Later the FAA claimed there was no safety threat to passengers and crews.

How did this crisis arise? Explanations focused on four causes.

1) An earlier FAA request to the General Service Administration (GSA) for parallel,
redundant systems using AT&T and (e.g., MCl) had been denied by GSA on the
basis of cost.

2) To try to save money, AT&T had an "interruptable power" contract with Con Ed.

3) The afternoon of September 17th was unexpectedly, unseasonably hot causing huge
air conditioning loads on Con Ed’s generating and distribution systems. Con Ed
decided to interrupt power for firms with contracts like AT&T's.

4) AT&T responded to Con Ed's notice that power would be cut by switching to its own
generators.

'2 "[G]reat events have small beginnings." (Perrow, page 9.)

'3 This failure was despite several billion dollars spent by AT&T to assure a "self-healing" system.

' This was the third time since January 1990 in which a major failure in the AT&T system was
experienced (at least one of the earlier ones was due to the use of new software which contained a bug).
'S Airport and airline operations were only part of the story. 470,000 international, and 4.5 million
domestic, calls didn't get through. Some of them certainly were emergency calls.
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The generators were not on the same floor as the one occupied by those monitoring
the system. So when rectifiers (which change AC to CD current) blew, switching
AT&T's system to battery operation, monitors were relying on a warning system. At
the time, that warning system was:
a) Not operating properly (some audio warnings were muffled, some lights were not
functioning or had been disabled), and
b) Ignored by AT&T'’s operating personnel and their supervisor because they were
at a training session learning about a new warning system, and
c) Ignored by managers who, substituting for the trainees, failed to assure that
previously specified procedures were followed..
After six hours of use AT&T's emergency batteries had not been replenished, power
fell, and telephone switching equipment failed.

Fortunately, the concatenation of a) “good” decisions (to economize - AT&T and the
GSA, and to provide technical training - AT&T) with b) extreme conditions, and c¢) tight
couplings among the three industries did not cause a major airline disaster.

Decisions made during crises may also intensify the crises due to reliance on mindless
use of information (Langer, 1992), an inability to shift from automatic to conscious
cognitive activities (Louis and Sutton, 1991), habitual thinking and processes (Gersick
and Hackman, 1990), and inflexibility or organizational routines (Weiss and ligen,
1985). Even substantial departures from normal conditions may not be sufficient to
alter rigid patterns of thinking and interaction. It has been argued that the crash of
Florida International’s flight 90 into the 14th Street Bridge in Washington, DC (National
Transportation Safety Board, 1982) was such a case. Of course, crises typically
increase time pressures on decision makers, and would be expected to cause a shift to
less rigid, more mindful (Langer, 1989) processes. However, in at least one study in a
dynamic environment, decision makers relied on the same decision making strategy no
matter how much time pressure they experienced (Kerstholt, 1994).

Social and economic systems contain not only complex technologies, but webs of
causes and effects which are often less salient than technological linkages. Thus, in
the realm of economic and business decisions it is reasonable to expect that the
combination of complex systems and inappropriate understanding of those systems will
frequently exacerbate crises. It has long been documented that instability in complex
situations is caused by decisions founded on misinterpretations of feedback data. For
example, in the classic beer game experiments, participants’ attribute cyclical demand
to fluctuations in consumers’ decisions, whereas demand changes only once (Sterman,
1989). Even though participants are very intelligent, are subject to market discipline,
and have strong performance incentives, and even though the system they are asked
to manage is quite simple, their choices, not the single exogenous shock the system
receives early in the experiment, create and sustain instability.

In the areas of diplomacy and international conflict it is, unfortunately, common to find

instances where crises originated or were escalated by decision makers who were well
intentioned but unable to adequately grasp the social and geopolitical elements of the
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situation. McNamara’s observations about the decisions made in the Kennedy and
Johnson administrations reveal that the sacrifices made during the Vietnam war were
magnified by top decision makers’ ignorance, misconceptions, and misinterpretations
(McNamara, 1995). Social reinforcements for these cognitive problems were provided
by syncopates and peers, compounding the problems and crises.

Experienced decision makers know that crises arise from subtle combinations of
nonsalient and unanticipated causes, and that effective responses depend on early
recognition, and appropriate responses. They know teams and organizations can fall in
to “self-fueling spirals” (Hackman, 1990). Their performance tends to decline (improve)
if they somehow begin on a good poor (good) track. For example, in fighting forest fires
early detection coupled with very quick and very well learned, appropriate responses
are the keys to controlling damage and minimizing the resources used to control the
crisis (Klein, 1976; Klein, and Calderwood, 1991; Mclean, 1992; ). Appropriate
responses demand expert knowledge about how different combinations of fuels, terrain,
temperature, humidity, and other “technological” considerations affect the crisis.
Moreover, “social” knowledge is critical. Among other things, appropriate decisions by
a commander require assessments of human endurance; the current locations and
capabilities of team members; their knowledge of local terrain; and how effectively
“headquarters” will be able to marshal additional supporting resources (such as weather
forecasts for the immediate area, relief personnel, air tankers, and satellite photos).

Correct interpretations of events and of the utility of decision alternatives is likely to be
hindered when superiors fail to seek and use their subordinates’ ideas and information.
Among the more subtle factors that may influence the willingness to use subordinates’
inputs, particularly those which disagree, is the superior's assessment of the situation
(Weick, 1993). One study found that when the situation was viewed by a superior as
either a crisis or as a minor issue, subordinates’ contradictory inputs were unlikely to be
used to make constructive use of their suggestions (Tjosvold, 1984). However, when
superiors regarded the situation as a challenge, subordinates’ information and
dissenting opinions tended to improve the superior's decisions.

Crises may also be caused or escalate because decision makers do not initially analyze
matters using complex integrations of perspectives, or because their integrative
complexity declines as perceived threat increases, or because they feel little or
declining accountability to others (Levi and Tetlock, 1980; Mandel, et al., 1993; Walker
and Watson, 1994).

Contrast this abbreviated litany of the nature and sources of crises (or review Appendix
1) with the earlier characterization of research. It is hoped that the comparison has
motivated two things: 1) the reader’s interest in research methods which provide better
integration of the many relevant variables, and more rigorous inductive treatment of
complex systems.

Macro Analysis of Relevant Research - Phase 1
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Macro- and Meta-Analysis

The first phase of the project was labeled a “macro-analysis” to distinguish its objectives
from those of meta-analyses. The concern is epistemological. Macro-analysis
procedures were developed as a complement to meta-analysis and to encourage more
symmetry and thoroughness in research on systems like distributed decision making
systems. The purpose of meta-analysis is to estimate the true size of effects on a
dependent variable (e.g., judgmental accuracy) caused by variations in one or more
independent variables (Hunter, and Schmidt, 1990, 1991, 1994). Effect sizes are
adjusted for factors in the relevant set of studies which can bias or affect the magnitude
of effects in any one study (e.g., restriction of range and sample size). In essence,
each study is one observation in the meta-study of all the studies which investigate the
same hypothesis. Meta-analyses have proved valuable in resolving apparent conflicts
in studies’ findings, achieving not only more accurate estimates of effect sizes, but also
identifying situations in which moderator variables may be affecting effect sizes.

Meta-analyses cannot be conducted on any issue where there are only a few studies of
the issue. Thus, the set of meta-analyses found in a literature is an implicit indicator of
the research focus of social scientists. However, meta-analysis does not systematically
identify research issues which could or should be subjected to strong inductive
treatment. To systematically identify important unresearched issues it is necessary to
conduct “macro-analyses” of past research.' Macro-analyses are particularly

important where scientists are attempting to understand complex systems which require
analysis by multidisciplinary teams.

Macro Analysis Procedures

In many important ways the steps of macro-analysis are quite different from those in
meta-analyses. Meta-analysis has a reductionist quality in that it usually examines
pairs of variables.'” In contrast, macro-analysis emphasizes systems of relationships
among pairs of variables as well as interactions between two or more variables.
Whereas both kinds of analysis require discovery of relevant research, relevance is
defined very differently. Macro-analysts must determine which variables are to be
included. In contrast, in the most basic meta-analysis the two variables in a proposition
or hypothesis of interest, as well as their synonyms, are used as key words when
searching the titles, abstracts, keyword lists, and texts of research reports. As will be
seen, many more variables are involved in macro-analyses. Normally meta-analyses
scan not only studies in peer reviewed journals, but technical reports as well. Macro-
analyses must focus on research published in peer reviewed journals to remain
feasible. Once a body of relevant studies is identified, meta-analysis codes each
study’s characteristics (e.g., sample size) and transforms data where appropriate (e.g,

'8 There are other advantages of macro-analysis as well. It can document the extent to which specific
methodological treatments and paradigms extend across disciplines and time.

"7 This oversimplifies somewhat. Meta-analyses concerned with moderator variables or interaction effects
involve more than two variables.
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from correlation coefficient to difference score), before conducting more statistical
analyses to adjust raw effect sizes into estimates of actual effect sizes.

Macro-analysis parallels early steps in meta-analysis but stops before relevant studies
are coded. Macro-analysis begins by identifying a system, parts of which have been
the subject of (experimental) research but which is still imperfectly understood. The
next step involves developing a list of variables which reasonable people believe are
pertinent to the set of issues or system of interest. The list of variables should be as
exhaustive as possible. To encourage the development of a comprehensive list,
macro-analysis must review more than experimental or other research. It is important
to read cases, journalistic and technical reports, historical narratives, and documents in
files. It is also important to question participants who have been involved in relevant
experience.'® As the list of variables develops care must be taken to identify synonyms
and antonyms to avoid redundancy. In many systems involving human actors two or
more variables interact to affect a dependent variable. In such cases the interacting
variables may be treated as a single (joint) variable in the key list.

The next step in macro-analysis is to construct a square matrix using the list of key
variables twice, once for the rows and again for the columns. Each row will contain all
references to studies in which a variable has been treated as an independent variable
in a study. Each column will contain all references to studies in which a variable has
been a dependent variable. Thus each cell represents a simple research proposition
involving a pair of key variables. When an experiment containing at least one pair of
independent-dependent variables in the list of key variables has been identified, the
experiment’s index number is entered in the appropriate cell(s) of the matrix. Thus, an
experiment’s index number would be entered in two cells if that study examined the
effects of status incongruency on satisfaction with a team’s decision process and also
examined the effects of satisfaction with decision process on status congruency.
Ultimately each cell of the matrix will contain an unique number for each study which
examines the cell's hypothesis.

After the numerous variables related to the focal system have been identified, it is
necessary to identify relevant studies. Prior to the introduction of computerized data
bases this was not feasible for issues involving large systems or many variables.
However, with the development of computerized abstracts in PsycLIT ' it is possible to
conduct reasonably efficient searchers using Boolean logical operations.

Once all studies are indexed and their index numbers have been entered in appropriate
cells, several insights can be obtained simply by visual inspection. One is the density of
researchers’ attention to variables and hypotheses. It is immediately apparent that
where there is a high density cell, that is, where there are numerous studies of an

'® Many good examples of this kind of canvassing of participants can be found in Mowen, 1993.
' This data base now contains abstracts for journal articles from 1967 to the present. It also
references book chapters from 1967 to 1987 and abstracts book chapters published since 1987.
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hypothesis, a meta-analysis is likely to be fruitful.?’ A row with few index numbers
entered in any of the cells may indicate an independent variable that either needs more
study, is implicitly judged to be of limited relevance by researchers, or is simply very
difficult to examine.

Overlays of multiple matrices can be particularly useful.?’ Suppose that one wished to
address the idea that research in laboratories with ad-hoc student groups provided
different conclusions than research relying on “real” people in on-going teams in field
settings. If an overlay of the two matrices, one for each type of study, revealed different
patterns of density for one type than for the other, it would indicate that conclusions
from one setting cannot be generalized to the other. Another useful overlay is to have
three matrices, one for studies finding no effects, another reporting positive effects, and
a third reporting negative effects regarding a specific cell's research question.

Overlaid matrices can examine method variance effects by comparing the loci of
studies in one matrix summarizing experiments with another summarizing survey
research. Or a researcher concerned with differences between the effects of noise in
communications on small group and organizational judgmental accuracies might use
one matrix for small group studies and a second matrix for organizational studies.
Multiple matrices can also be useful when paths of effects among dependent variables
are considered.

Transformations of the original matrix may also prove useful. Where definitions,
theories, or clear empirical patterns can justify doing so, certain variables can be
aggregated to provide better insights about what can be concluded from a literature.
An example of this approach was used in this project and will be discussed shortly.

Macro-Analysis of Phase 1

The macro-analysis in the first phase of this project had two main objectives. The first
was to prioritize future research by identifying gaps, redundancies and conflicts in
previous studies. The second was to discover standards, variables, and relationships
to be used in construction of simulations in the second phase of the project.

More than 80 key words or phrases22 (in Appendix 3) related to distributed decision
making in routine and crisis settings were identified. This was accomplished by readin%'
a wide variety of sources in addition to the experimental literature on decision making.’

2 Even where there has been a meta-analysis of a cell's hypothesis, the density may suggest a newer
one could be conducted to incorporate studies not included in the most recent meta-analysis.

2! With overlaid matrices it may prove useful to develop mathematical comparisons, such as similarity
measures. This project did not require such sophisticated capabilities.

%2 There were originally 69 key words or phrases. New ones were added as the literature search
Erogressed to assure a complete canvass of the literature.

? Unfortunately, as is obvious, not all these sources were available at the time the list of key variables
and phrases was being developed. This section includes only examples of the many sources used during
the project. For a complete listing consult the references section of this report.
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Among the major sources were detailed accounts of events like Wal-Mart's growth
(Trimble, 1990; Vance and Scott, 1994), the Cuban missile crisis (Janis, 1972, 1982,
and 1989; Janis and Mann, 1977; Anderson, 1983; Brugioni, 1991; Sylvan and
Thorson, 1992; Guittieri et al., 1995), NASA'’s decision to launch Challenger (Covault,
1986; Joyce, 1986; Smith 1986a & 1986b; US Presidential Commission, 1986;
McConnell, 1987; Browning, 1988; Kolcum, 1988; Feynman, 1992); Xerox’s decision
not to market it's “office of the future” (Smith, 1988), the Chicago flood (Freak
flooding..., 1992; Bailey and Burton, 1992), forest fires (Mclean, 1992; Weick, 1993;
Sahagun, 1994), the Navy’s shooting down of a civilian airliner (Burns, 1988; Moore,
1988; The flightpath to disaster, 1988; US Congress Senate Committee..., 1988, and
House Committee..., 1993; Rogers, 1992), Chernobyl (Cohen, 1987; Brandsjo, 1988;
Martinez-Val, 1990), Three Mile Island (Perrow, 1984) and other high technology
emergencies (Tuler, 1988), aircrews in crises (National Transportation Safety Board,
1982; Foushee, 1984; Helmreich et al., 1985; Foushee and Helmreich, 1987; Lanir,
1989; Ginnett, 1990, 1993; Weick, 1990; Deitz and Thoms, 1991; Helmreich and
Foushee, 1993; McKinney, 1993; Lavin, 1994), infrastructure failures (e.g., Lavitt, 1991;
McKenna, 1991), and operation of high reliability systems (Cooper et al., 1979; Rochlin,
1989; Weick, 1989; Roberts, 1990; Clarke and Short, 1993; Eisenhardt, 1993; Weick
and Roberts, 1993). Ethnographic and case studies (e.g., Nutt, 1984; Mulder at al.,
1986; Hickson, 1987; Kuklan, 1988; Prechel, 1994) were examined. In addition,
literature reviews and meta-analyses (e.g., Maass and Clark, 1984; Brehmer and
Brehmer, 1988; Levy and Nail, 1993; Lopes, 1994; Mullen et al., 1994; Salas et al.,
1995; Guzzo and Dickson, 1996), simulation articles (e.g., Carley, 1986; Brannick, et
al., 1993; Coovert, 1995), editorial opinions, theories and models (e.g., Hertzler, 1940;
Mackenzie, 1976; Billings et al., 1980; Heiner, 1988; Kaplan, 1983; Miao, 1991; O’Hare,
1992; Klein, 1993; Lewis and Sycara, 1993; Proulx, 1993; Barnett, 1995), and essays
(e.g., Churchman, 1971; Milburn, 1977; Smart and Vertinsky, 1977; Staw et al., 1981;
Milburn et al., 1983; Miller, 1984; Fischhoff, 1985; Langer, 1989, 1992; Eisenberg,
1990; Gersick and Hackman, 1990; Beach and Lipshitz, 1993; Larson, 1993; Thietart
and Forgues, 1995) have been unsystematically monitored since 1988.

In a series of Boolean searches of all studies from 1983%* to 1991 in PsycLIT,25 60,888
unique,?® potentially significant, studies were identified and downloaded. Each abstract
was then screened to determine whether or not the study should be retained for further

24 \When this project began Psychological Abstracts did not include abstracts for studies prior to 1983.
The macro-analysis was supplemented by on-line searches of PsycLIT as pre-1983 and post-1991
abstracts were added to the PsycLIT data base. The additional studies from those periods did not change
the results of the original macro-analysis.

® Many other sources were consulted, but they proved less complete or redundant with PsycLIT. Among
those sources were the following on-line data banks: ABI/INFORM (management and administration),
ERIC (education, measurement, personnel training), NTIS (social sciences), SOCIAL SCIRESEARCH
gsocial- behavioral sciences), and SSIE (social and engineering sciences).

® No single search could cope with the entire set of key words. The searches excluded all studies not
involving adults. Over 250 searches were ultimately conducted to assure a thorough examination of all
relevant research. Duplication was eliminated using specially written computer programs. Other custom
programs were used to streamline abstracts for faster and more accurate reviews.
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analysis. Twenty one?’ criteria (Appendix 4) were used to delete irrelevant studies. A
sample of abstracts was evaluated by at least two trained coders and audited by the
author to assure consistent treatment. Custom programs were used to remove
redundant or irrelevant studies whenever possible. These activities resulted in 1,523
studies to be reviewed.? Simultaneously articles in many scientific journals (Appendix
5) were studied. Those articles deemed to be relevant were compared to the articles
identified by the PsycLIT search process to assure the search was thorough. No
oversights were discovered.

The number of studies, on average, in each cell of the first macro-analysis matrix
constructed in Phase 1 was fewer than 0.5, suggesting that most issues relevant to
distributed decision systems functioning in crises contexts had received minimal
attention. However, none of the logical or theoretical relationships between the 80
variables in the matrix had yet been used to sharpen the focus. Two consolidations
were performed. First studies based on synonyms were placed in the same category.
Second, the variables were divided in to two sets, those emphasizing aspects of the
decision process, and those that focused on the constraints and context within which
the process takes place, or on the consequences of the processes. (These two sets
are listed in Appendix 6.) A second matrix was constructed using the first set as
columns and the second as rows.

While working with the second matrix it became obvious it would not be possible to
develop a meaningful propositional inventory for two reasons. The first was that the
modal cell in the first matrix was empty. That is, there had been no study of most
possible pairwise relationships among key variables. Where there was more than one
study, there were very few and their results were usually inconsistent. These limitations
will be evident in other sections of this report. For example in the discussion of stress,
a series of propositions is provided. Readers will n